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ABSTRACT

" We propose to measure the total cross sections for ni, Ki, P and

P on hydrogen and deuterium from 20 GeV/c to approximately 200 Gev/c
using a beam in Area 2. We would also measure the absorption cross
sections for a few heavier nuclei. Measurements would also be made

at higher energies should a more energetic beam be accessible.



A PROPOSAL TO MEASURE THE TOTAL CROSS SECTIONS

FOrR 7%, k¥, P and

1)

Recent results from the Serpukhov accelerator have extended our

knowledge of the total cross sections for negative particles up to

2)

65 GeV/c. Many earlier experiments have measured total cross
sections for both positive and hegative particles up to 30 GeV/c.

We propose to measure the total cross sections for positive and
negative particles from 20 GeV/c up to about 200 GeV/c initially and
to hiéher energies when possible. We would concentrate on determining
the energy dependence ofithe cross sections and on a comparison of

the particle and antiparticle cross sections.

'I. Physics Justification

The Serpukhov experiment measured the total cross sections for
m~, K7 and p on hydrogen, deuteriuﬁ and a selection of heavier elements
from helium to uranium. Figure 1, taken from reference 1, is a
compilation of total cross sections>for hydrogen. The dashed ecurves
are fits to cross sections on neutrons as inferred from the deuterium
target data. To within the éccuracy of the data, all cross sections
have reached constant and unequal values above 30 GeV/c with the possible
excevntion of the antiproton cross sections which mav still be decreasing
.slightly. |

There are many different theoretical predictions as to the

behavior of total cross sections at high energies. The Pomeranchuk
theorem3).é£ipulates that the varticle and antiparticle cross sections
become egual in the asymptotic region. Aséuming charce symmetry, the

Serpukhov data for pions provide no evidence that the asymptotic region



so defined, is being reached. Likewise the K p total cross section
is not approaching the.K+p cross section as extrapolated from lower
ehergies,-where the_K+p cross section is already constant.

Using the Regge pole model, fits4) have been made to the
data by introducing'cuts. These yield cross sections that rise
asymptotically to finite values.

In a simple quark models), the ratio of the nN and KN cross
sections to the NN cross section asymptotically approaches 2/3. The
Serpukhov data gi\;e 0.6 and 0.5 for =N/NN and KN/NN.

Other theories predict that the total cross sections either
approach zero ) or continue to rise logarithmically with energy7).

No evidence for either of these behaviors is yet visible in the
Serpukhov dété. In some models the logarithmic rise is predicted to
increase to fiﬁite limit while in other models it continues to infinity.
Such a logarithmic.rise should be ‘detectable at NAL energies; Barger

8)

and Phillips predict, for example, a 10% increase in the K+p cross
section from 10 to 150 GeV/c.

As part of thi; exXperiment we will measure the absorption cross
sections for several heavier elements at a few high energy points.

We expect this will be sufficient to verify the validity of extrapolating

‘the more detaziled Serpuknov data at lower energies. These data show

The edsorptich colds setinuns Lol plouis and Ravies”td’ be essentiaiiy
energy independent above 20 GeV/c. At a given energy the A dependence

is parameterized by:

where o is approximately 3/4 for mesons and 2/3 for anti-protons.



Absorption cross sections would be useful to check the theoretical

9)

models which must be used in calculating the shielding requirements
for future NAL experimental areas.
In the course of this experiment we would automatically obtain

some information on the particle composition of the beam.

IT. Scope of this Experiment

Assuming that only 200 GeV/c protons are transported to Area 2, the
upper limits in energy that can be measured there are 200 GeV/c for
protons, nearly that for n , and approximately 150 GeV/c for =, K<,
and anti-protons. Should it be possible to transport higher energy
protons to Area 2, correspondingly higher energv cross sections would
be measured.

We request that 500 GeV/c brotons be made available, somewhere,
so that we can measure the pp cross section to the highest enercay
possible. For example, this might be done in the external proton beam
tunnel before experimental areas are ready.

. The points of interest here, the energy dependence of the cross
sections ahd the particle-antiparticle relationship of the cross
sections, should be less sensitive to systematic errors than are the
absolute values of the cross sections. Systematic errors of 1% are
obtainable and statistical errors of 0.1 to 0.2% are achievable and
warrauneew, Methods needed to reach these accuracies are described
subsequently. .

A majbf fraction of the equipment reguired for this experiment
is in the incident beam: the gerenkov counfers, the scintillation
counters, and beam monitoring ecuipment. This eqﬁipment will be needed

by succeeding experiments.



with a factor of 16 Qreater sensitivity, since AR « l2' By using a
: p
photomultiplier with a bialkali photocathode and putting it inside the

radiating gas (thereby eliminating any absorption in a window), we will
gain at least a factor of 2 in sensitivity. Some of us are involved
in building a copy of the Sérpukhov counter which we will test with
various phototubes at the Argonne ZGS in September, 1970, to find out
how large this factor can be. For the present we propose to make the
counter 8 times longer than the Serpukhov counters to achieve the
total increase of 16 in sensitivity. |

We'present the follcwing table as indicative of what is required

and what one of the 40 meter pion counters we propose would achieve.

Oc(n)

Fleevse) b & T BK' {radians) nph.el. efgg iéiig
180 0.27 x 100 3.3 x 107 1.74x107° 3.6 97 0.094
150 0.42 x 107° 5.2 x107® 2.19x 107 5,7  99.6 0.148
120 0.68 x 10°% 8.4 x107% 2.78x 1073 9.3 99.99 0.240

90 1.21 x 107° 15,0 x 107% 372 x 1073 16.5 0.429
60 2.73 x 1078 © 558 x 1073 25.0 0.94

33.9 x 10~

With two 40 m. long pion counters and two 15 m. long counters
counting both pions and kaons we can achieve the following rejection

efficiencies.

. m Rejection m Réjecﬁion K Rejection
P (Gev/c) in K Beam in p Beanm in p Beam
180 1073 1076 1073
' -5 -9 -5
150 2 x 10 lo ~. 2 x 10
8 -8

120 1 x 10 —_— 10




IJII. Beam

We wish to carry out our experiment up to the highest possible
eﬁergies available at NAL. Except for this we have no very stringent
requiréments on the incident beam. Our system is capable of handling
a total incident particle réte of lO6 particles/sec. For positive
particles we expect to work with up to 106 protons, lO4 n+, and lO3 x*
per pulse at 150 GeV/c. We expect the m , K and antiproton intensities
to be 106, 104, and lO3 per pulse resPectivgly.k We can tolerate a
beam épo£ of 1/4" diameter at the focus and a momentum bite of a few
percent.v |

Since we utilize threshold gerenkov counters instead of differential
vgerenkov counters for particle identification, we do not regquire

parallel sections in the incident beam.

IV. Beam Particle Identification

Recent experience at Serpukhovlo)

has demonstrated the feasibility
of extending threshold éérenko? counter technigues to high energies.

We propose a simple extrapolation of their techniques to the still
higher enefgies of NAL. The proposed beam layouts at NAL have long
drift lengths. 1In some of these we would replace the vacuum pipe with
threshold gérenkov counters.

The identification scheme invo;yeg thM40Am1>lgng{ 40;cm. diameter
counters set to detect pions but not kaons or protons,  and two 15 m.
long counters set to detect both pions and kaons but not protons. This
would enable us to take data on all three types of beam particles at
the same time.

The 5 meter Serpukhov counters were able to identify n's and K's

up to 50 GeV/c. 1In order to extend this to 200 GeV/c we need counters



V. Layout of Experimental Apparatus

For the measurement of total cross sections we propose to use
the transmission technique. The plan of the experimental apparatus is
shown in Fig. 2. The beam particles would be defined by scintillation
counters and four threshold éerenkov counters.

The target will be Hy, Dy

target length is planned. We will take special care in the construction

or an empty container. A two meter

of the targets to reduce boiling so that the density is held constant, as
has been done in the past.

Following the target at a distance varyinc from 70 to 250 feet
would be the transmission counters Tl—TlO. A pair of small counters,
SMl and SM2,

counters. Counters Tl—TlO

The distance of these counters from the target would be varied with

could continuously monitor the efficiencv of the transmission

range in diameter from 1 inch to 10 inches.

incident beam energy so that T, would cover a ‘t! range from 0 to
0.04(Gev/c)2, to minimize eneroy dependent errors in the extrapolation
to £=0. The size of the smallest counter used in the extrapolation must
be large enouch to contain fully the Coulomb scattering peak and Coulomb
nuclear interference, but small encugh to count only a small part of

the strong interaction processes.

The transmission counters will be mounted on a carriage and rail
system to facilitate accurate positioning. Behind the transmission
counters will be placed an arrangement of iron absorbers and counters
to allow méasurement of muons in the beam.

VI. Counting Rate and Statistical Accuracy

The partial cross section for the i-th transmission counter

is defined as



The differential cross section gﬁk(@) represents the angular distribution
of charged seéondaries for a reagtion channel k. The sum is taken
over all possible channels and the intecgration is made over the solid
angle subtended by the i-th counter.
The number of counts iﬁ the i-th counter with the target full is
given by
N.g= Mo g, exp(unoi)

where M_ is the incident flux, n is the number of nuclei per cm2

f
in the target. The factor g5 accounts for losses other than those due

to the interaction in the target material, such as the interactions in
the target container, the decay of the scattered particles, or the
inefficiency of our detection system. If one assumes that these losses

are the same for the target full and the target enpty,

where the subscript e refers to measurement with the empty target.
Since no<<l is our present exwverimental condition, each counter will
see essentially all the particles in the beam.

The total crosé section will be obtained from an extrapolation

of the partial cross section

1
g, = ={1n N, - In M,_ + 1n M. - 1In M 1}
i n ie if f e
“Taring Nie"-,‘;_;, Jlf = I
b = 77 an
o} no. N
i i

In order to achieve a statistical accuracy of t.1% in the partial

cross sections we need N = 5 x 107 counts, with both full target and



empty target. At 106 particles per pulse this represents 100 pulses
or ~10 minutes of running time. At the level of 104 particles per
pulse, this represents ~10 hours of running time.

VII. ZElectronics

The beam flux on the target is defined by the signal

fo= SlA18253 4 8 2 The electronic deadtime of the system is determined

by the circuits of Sy and Sy which have the highest counting rate. The
counters Sg and Se with slow linear output pulses have their thresholds
set to detect pulses which correspond to 1.5x minimum ionization.

These are used as a veto to eliminate two-particle accidental coincidence
effects. To eliminate two particle transmission counter deadtime
effects, S- which intercepts all the beam that reaches the transmission
counters is set with a long deadtime and put in coincidence with

the beam telescone: thus, the accepted signal is fb= S7(SS°S6)'fO.

The identity of individual particles is established through appropriate

Cerenkov counter conditions; e.qg. f(w)= fb CTT CTr CK CK
1 72 71 72

f,.C_. C, C C and f( =f.C C C C .

£ =
(k) b Kl K2 1 Mo p) b Ty 7o K

The effect of counter logic configuration and pressure fluctuations
on the cross sections will be meésured and minimized. The beam intensity
‘will be varied to check on systematic rate dependent effects.

Thie Grpiopriale. Ledin sigiiat :l.)f‘ﬁﬂeié;jxﬁ,yg;“b¥ o, 18 put in
coincidence with adjacent pairs of transmission counters; i.e.,
f(j)*(Ti*Ti+li to eliminate counting £from the light guides and random
accidentals. Residual accidentals can be monitored by delayed and variable

resolution time coincidence circuits. The efficiency of the transmission

counters and the beam position is constantly monitored by the signal



£ (§)* (-Ti*Ti-Fl).*SMl*SMZ .

Correction of the cross sections for the muon contamination
will be made in two ways. In the first procedure, the muon flux in
the beam will be measured with the absorber telescope Sg"‘514‘
Systematic effects in the cérrection will be studied with the absorber
telescope. The cross sections taken without a muon veto will be
renormalized.

In'the second procedure, we will apply)a muon veto signal to the
signai fkj) using the absorber telescope. Through a variation of the
composition of the telescope veto signal, systematic effects of the
muon correction imposed by the telescope on the cross sections can be
determined and minimized. At NAL energies these systematic effects

should be small compared to lower energies.

VIII. Sources of Eguipment

The apparatus reguired for this experiment is general purpose and
is likely to be used by succeeding experiments. The Eérenkov counters
need only withstand an external pressure of one atmosphere and do not
require 0p£ical alignment over their entire length. The total of 400
feet of pipe can be welded in place.” The only requirement is that there
be no large temperature variations along their lencth. The three target
containers (for hydrogen, deuterium and empty) alona with their
refrigerators can be purchased commercially. ‘We assume this equipment
will be part of NAL's experimental facilities. ©No extra magnets will
be needed. The standard logic circuitry and the capacity to provide

scintillation counters are already available in our Physics Research

Section.



IX. Running Time

We requeét 400 hours of data tadking time plus 50 hours of testing
time after the secondary beam has been focused onto our target. In this
period.we plan to measure pion and proton cross sections in relatively
small energy steps and then to dwell at several of these for a time

sufficient for high statistical accuracy for kaons and antiprotons.
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